We present 29 ± 1 classical Oe stars from RIOTS4, a spatially complete, spectroscopic survey of Small Magellanic Cloud (SMC) field OB stars. The two earliest are O6e stars, and four are earlier than any Milky Way (MW) Oe stars. We also find ten Ope stars, showing He i infill and/or emission; five appear to be at least as hot as ∼O7.5e stars. The hottest, star 77616, shows He ii disk emission, suggesting that even the hottest O stars can form decretion disks, and offers observational support for theoretical predictions that the hottest, fastest rotators can generate He + -ionizing atmospheres. Our data also demonstrate that Ope stars correspond to Oe stars earlier than O7.5e with strong disk emission. We find that in the SMC, Oe stars extend to earlier spectral types than in the MW, and our SMC Oe/O frequency, 0.26 ± 0.04, is much greater than the MW value, 0.03 ± 0.01. These results are consistent with angular momentum transport by stronger winds suppressing decretion disk formation at higher metallicity. In addition, our SMC field Oe star frequency is indistinguishable from that for clusters, which is consistent with the similarity between rotation rates in these environments, and contrary to the pattern for MW rotation rates. Thus, our findings strongly support the viscous decretion disk model and confirm that Oe stars are the high-mass extension of the Be phenomenon. Additionally, we find that Fe ii emission occurs among Oe stars later than O7.5e with massive disks, and we revise a photometric criterion for identifying Oe stars to J − [3.6] ≥ 0.1.
INTRODUCTION
Despite their scarcity and short lifespans, massive stars shape the evolution of their host galaxies through strong stellar winds and radiative feedback, which shock heat and ionize the surrounding gas, injecting energy into the interstellar medium (ISM). Moreover, when massive stars end their lives as core-collapse supernovae, the shockwaves can trigger or suppress star formation while enriching the ISM with metals. Thus, distinct types of feedback are associated with different evolutionary phases of massive stars. Understanding massive star evolution is complex due in part to the effects of mass loss and the difficulty of modeling their atmospheres, which cannot be treated as being in LTE. Recent stellar evolution models show that properties such as rotation and binarity also strongly affect massive star evolution. According to models by Ekström et al. (2012) , rapid rotation induces rotational mixing, which increases the time these stars spend on the main sequence by continually replenishing their cores with H. Thus, rapid rotation increases the main sequence lifetimes of massive stars and allows them to emit more H-ionizing photons at later times in their evolution (e.g., Levesque et al. 2012) . Binarity is also key, since observations suggest that the majority of massive stars are binaries (e.g., Sana et al. 2014) , and de Mink et al. (2013) suggest that binary interactions increase the rotation rates of ∼20% of massive stars.
Understanding different types of evolved massive stars may offer clues about the physical processes that drive their evolution. Classical Be stars are apparently a subclass of somewhat evolved massive stars whose formation depends on rapid rotation and possibly on binarity. Today, classical Be stars are characterized as rapidly rotating, non-supergiant B stars with spectra containing Balmer emission lines, which are often double peaked (e.g., Collins 1987; Rivinius et al. 2013) , resulting from Keplerian rotation of a circumstellar disk (e.g., Struve 1931) . In addition to the Balmer emission, Be star spectra can show three types of variability (McLaughlin 1961) : Balmer line variability; variation in the ratio of the violet and red components of the double-peaked Balmer emission lines, or V/R variability; and the appearance or disappearance of a narrow Balmer absorption core, known as a shell absorption spectrum (e.g., Hanuschik 1996) . Struve (1931) presented the first viable Be star model, which proposed that the circumstellar disks surrounding Be stars form when the stellar rotation rate v rot approaches the critical velocity v crit , where the gravitational and centrifugal forces are equal, causing the centrifugal force to eject the equatorial layer into a disk. Struve's model omits stars whose spectra contain P Cygni profiles because Balmer emission from classical Be stars originates from a circumstellar disk, not an isotropic wind, emphasizing that rapid rotation is the primary cause of the Be phenomenon.
Although Struve's model served as the foundation for understanding Be stars, observations suggest that on average, Be stars rotate at only ∼0.80 v crit (e.g., Rivinius et al. 2006; Meilland et al. 2012; Chauville et al. 2001 ).
However, gravitational limb darkening may cause these rotational rates to be underestimated (e.g., Stoeckley 1968; Townsend et al. 2004; Frémat et al. 2005) , thus suggesting that Be stars may rotate closer to v crit than observations find. Determining how Be stars form with subcritical rotation rates led to the viscous decretion disk model (VDD; Lee et al. 1991) . This model proposes that processes such as non-radial pulsation (NRP) spin up the stellar atmosphere to slightly super-Keplerian rotation speeds and that if the outer layers are continually supplied with angular momentum, they are lifted from the star and move into a disk (e.g., Lee et al. 1991; Porter 1999) . These viscous disks are characterized by outward angular momentum transfer due to a turbulent viscosity and resemble models for accretion disks, but with angular momentum supplied at the inner boundary of the disk (Lee et al. 1991) . Interferometric observations and observations of V/R and photometric variability from the disk support the VDD model and its predictions (e.g., Rivinius et al. 2013) .
Currently, NRPs are the favored mechanism for ejecting sub-critically rotating circumstellar material into a Keplerian orbit. NRPs require ∆v = v crit −v rot to be approximately equal to the pulsation amplitude, which for NRPs can approach or slightly exceed the sound speed (Owocki 2006) . Therefore, NRPs require the star to rotate close to v crit . However, for some Be stars with slower v rot , NRPs may be unable to eject the material and form decretion disks, so the mechanism for transporting material to the disk remains an open question.
Regardless of ejection mechanism, the VDD model requires Be stars rotate near v crit to form decretion disks. Stellar evolution models demonstrate that as isolated stars evolve, the surface rotation velocity, v rot , can approach v crit , even though v rot decreases (e.g., Langer 1998; Meynet & Maeder 2003) . The rotation rate, Ω, also evolves towards the Keplerian limit if the star retains angular momentum while on the main sequence and transports it efficiently between its core and envelope (e.g., Negueruela et al. 2004; Ekström et al. 2008; de Mink et al. 2013) . Additionally, binary interactions have been proposed to spin-up Be stars to v crit . McSwain & Gies (2005) suggest that binary interactions may be involved in spinning up as many as 73% of Be stars; however much debate exists about the role of binarity in forming Be stars.
One way to evaluate the VDD model is to study Oe stars, first identified by Conti & Leep (1974) and proposed as an early-type extension of the Be phenomenon due to He ii absorption and Balmer emission. Conti & Leep (1974) defined Oe stars as rapidly rotating O stars with spectra containing Balmer emission, but not the characteristic Of star emission features, He ii λ4686 and N iii λλ4634-40-42, associated with strong stellar winds. Oe stars also show additional characteristics similar to classical Be stars, including V/R and Balmer line variability (Divan et al. 1983; Rauw et al. 2007 ) and in some cases, He i emission (e.g., Frost & Conti 1976) . However, polarization measurements from Vink et al. (2009) have not been able to confirm that circumstellar disks surround Oe stars. Thus, there is still some uncertainty that Oe stars are the high-mass analogs of the Be phenomenon.
There is another rare class of O stars which has also been proposed to correspond to higher-mass analogs of the Be phenomenon, the Onfp (Walborn 1973) or Oef (Conti & Leep 1974) O stars have stronger winds than B stars, so the frequency of Oe relative to Be stars should provide a critical probe of the VDD model. Since stellar wind strength increases with stellar mass and metallicity, in high-metallicity environments, line-driven winds from higher-mass stars should remove angular momentum and inhibit rotation near v crit , suppressing decretion disk formation among early-type stars. Negueruela et al. (2004) stress that the Galactic frequency of Oe stars is low, only 0.04 ± 0.02 among O7.5 -O9 stars, based on the catalog of Maíz-Apellániz et al. (2004) . We confirm an Oe/O ratio of 0.03 ± 0.01, where the denominator includes Oe and O stars, based on luminosity class III-V stars from the Galactic O Star Spectroscopic Survey (GOSSS; Sota et al. 2011 Sota et al. , 2014a , a complete magnitude-limited survey of Galactic O stars with B < 8. We caution this Oe/O value may be underestimated if stars with weak Balmer emission are not identified; however, even if twice as many MW Oe stars exist, the frequency is far less than the observed Be/B ratio, 0.17±0.03
5 (Zorec & Briot 1997) , for B stars in the MW field. Moreover, the change in frequency of the Be phenomenon between O and B stars is steep. The Be/B ratio is 0.27 ± 0.01 for B0 stars in the MW field (Zorec & Briot 1997) , far greater than 0.05±0.03, the frequency for O9.5 stars in the MW (Sota et al. 2014b ). Thus, these frequencies are qualitatively consistent with the expected effect of wind strength on decretion disk formation. Negueruela et al. (2004) point out that since O8-9 V stars are the progenitor population of B0-1 IIIe stars, the high frequency of Be stars among B0-1 III stars implies that Ω/ Ω crit must increase during the main sequence phase; Ω crit , the critical rotation rate, has a non-linear relation to v crit (e.g. Chauville et al. 2001; Martayan et al. 2006a; Rivinius et al. 2013) .
Metallicity, as well as stellar mass, affects stellar wind strength and the ability to form decretion disks. Existing data support this interpretation; in the low-metallicity Small Magellanic Cloud (SMC), on average, B stars rotate at 0.58 Ω crit , which is much faster than in the MW, where B stars rotate at 0.30-0.40 Ω crit (Martayan et al. 2007b ). These observations are consistent with findings from Martayan et al. (2010) that the frequency of Oe/Be stars among early-type stars in the SMC is ∼3-5 times higher than in the MW. Measurements of the Be/B ratio across all B spectral types are estimated to be between 0.20-0.40 in the SMC (Martayan et al. 2007a) , while Zorec & Briot (1997) obtain a frequency of 0.17 ± 0.03 in the MW field. In low-metallicity systems, the frequency of the Be phenomenon should also be enhanced among earlier-type OB stars. Reports of an SMC O7 Ve (Massey et al. 1995) , an SMC O4-7e (Evans et al. 2004 ) star, and an O3e star (Conti et al. 1986 ) in the Large Magellanic Cloud (LMC) suggest that this may indeed be the case, since stars of such early types have not been found in the Galaxy ( § 4.1).
Additionally, metallicity impacts NRPs. Since the pulsational amplitude is approximately equal to ∆v, in lowmetallicity environments, where OB stars rotate faster, it should be easier for NRPs to drive decretion disk formation. Moreover, rapid rotation leads to rotational mixing, which enriches the metallicity in the outer layers of stars, enhancing NRPs (Maeder & Meynet 2001) . Thus, the faster rotation in low-metallicity environments favors pulsation, explains the higher frequency of pulsating Be stars in low-metallicity environments (Diago et al. 2009) , and supports the anticorrelation between metallicity and frequency of the Be phenomenon. While metallicity clearly impacts single Be star formation, it also affects binary Be star formation because in low-metallicity environments, the progenitor stars retain more angular momentum and rotate faster, making it easier for binary interactions to spin up the star towards v crit .
Metallicity may not be the only environmental factor that influences OB star rotation rates and decretion disk formation. In the Galaxy, OB stars rotate more slowly in the field than in clusters (e.g., Guthrie 1984; Wolff et al. 2007 Wolff et al. , 2008 . Field OB stars may rotate more slowly because they form in lower density environments characterized by lower turbulent velocities and lower infall rates than their cluster counterparts, resulting in the formation of stars with lower rotation rates (Wolff et al. 2007 (Wolff et al. , 2008 . Alternatively, field stars may be older, more evolved stars that have dispersed from their clusters and rotate more slowly because their radius and moment of inertia increase as they evolve (Huang & Gies 2008; Huang et al. 2010) . Stellar winds also strip angular momentum from these stars, further slowing their rotation with age. If the observed slower rotation in the field is an age effect, these arguments offer possible explanations, although we earlier cited arguments that rotation rates increase, rather than decrease, with age. In any case, even in low-metallicity environments, if field OB stars are older, on average, the possibility exists that they may be less likely to rotate rapidly enough to form decretion disks. In any case, given the higher frequency of rapid rotators in clusters, we might therefore expect the Oe/Be star frequency to be higher in clusters. To date, few studies have observed how field and cluster environments affect decretion disk formation. Martayan et al. (2007a) measure the Be/B ratio in the SMC clusters to be 0.20-0.40 and 0.26 ± 0.04 in the field surrounding NGC 330, yielding inconclusive results.
Although the frequency of Be stars has been studied in many environments, similar work on Oe stars is lacking, and few statistically complete spectroscopic samples of either Oe or Be stars exist. Here, we use the Runaways and Isolated O Type Star Spectroscopic Survey of the SMC (RIOTS4), a spatially complete spectroscopic survey of SMC field OB stars (Lamb et al. 2015) , to identify a complete sample of classical Oe stars in the SMC field. We obtain their spectral type distribution, measure their frequency, and evaluate the effects of metallicity and field environment. In what follows, we present 29 ± 1 SMC field Oe stars, of which only two have previously been classified as Oe stars. There are also two O6e stars, the earliest unambiguous SMC Oe stars identified to date. Our observations demonstrate that Oe stars are the higher-mass analogs of the Be phenomenon, clarify the relationship between Ope stars and Oe stars, and reveal observational support for recent stellar evolution models of hot, rapidly rotating stars.
THE RIOTS4 SURVEY
RIOTS4 is a spatially complete, spectroscopic survey targeting 374 photometrically selected SMC field OB stars (Lamb et al. 2015) , identified from Oey et al. (2004) , with the goal of studying the nature of field OB stars. To date, results include measurement of the field massive star IMF, yielding a power-law slope of Γ = 2.3 ± 0.4, where the Salpeter value is Γ = 1.35 ; evidence that some OB stars appear to form in the field (Lamb et al. 2010; Oey et al. 2013 ); discovery of a class of dust-poor B[e] supergiants (Graus et al. 2012) ; and quantitative parameterization of the field OB population (Lamb et al. 2015) .
To identify SMC OB stars, RIOTS4 used two photometric criteria: B ≤ 15.21 and Q U BR ≤ −0.84, where Q U BR is the reddening-free parameter defined as (Oey et al. 2004) :
In Equation 1, m U , m B , and m R are the apparent U, B, and R magnitudes, respectively. These criteria select stars with masses 10 M . The B magnitude criterion selects the most luminous stars, while the Q U BR parameter identifies the bluest stars, corresponding to spectral types of B0 V or B0.5 I and earlier (e.g., Oey et al. 2004) . As shown in Equation 1, Q U BR depends on the R-band magnitude, which is sensitive to Hα. The Balmer emission that characterizes Oe/Be stars therefore enhances the Q U BR criterion, promoting completeness of our Oe star sample.
RIOTS4 identified field stars using a friends-of-friends algorithm (Battinelli 1991) , which defines field OB stars as stars located farther than a projected distance of 28 pc from any other OB candidate. Thus, the RIOTS4 OB and Oe/Be stars represent a spatially complete sample of all field OB stars that meet the photometric selection criteria.
The RIOTS4 spectroscopic observations were taken using the Magellan Telescopes at Las Campanas Observatory from 2006 to 2011 (Lamb et al. 2015) . Details about the observations and data reduction are described by Lamb et al. (2015) , so here we present a summary. The majority of spectra were taken using the IMACS spectrograph (Bigelow & Dressler 2003) in its multi-slit mode with a spectral resolution of R ∼ 2600 or 3700. A few additional observations were taken using the MIKE echelle spectrograph (R ∼28000) (Bernstein et al. 2003) . All RIOTS4 spectra cover the wavelength range 4000-4700Å; however, the majority extend to ∼5000Å, al-lowing us to identify Oe/Be stars using Hβ, in addition to Hγ and Hδ emission.
The IMACS multi-slit spectra were reduced using the COSMOS 6 data reduction software, and the 1D spectra were extracted using IRAF 7 . The MIKE and IMACS long-slit spectra were reduced and extracted using IRAF (Lamb et al. 2015) . All reductions include background sky subtraction, and none of our Oe star spectra show evidence of any significant contamination from nebular line emission. We also rectified each spectrum and removed cosmic rays. In addition, for 13 low signal-to-noise Oe star spectra, we used the IRAF task bwfilter to apply a Fourier filter and remove high-frequency noise. We selected a filter frequency that preserves the double-peaked Balmer emission lines.
SPECTRAL CLASSIFICATION
We determine the spectral classifications of RIOTS4 O and Oe stars using the photospheric criteria of Walborn and coworkers. For mid O-type stars, the principal diagnostic is the He ii λ4542/ He i λ4471 ratio, which is ∼1 for O7 stars (e.g., Walborn & Fitzpatrick 1990 ). For late O-types, we use the He ii λ4200/ He i λ4144 and He ii λ4542/ He i λ4387 ratios, which are ∼1 for O9 stars (e.g., Sota et al. 2011) . The former also distinguishes O9-9.5 stars from B0 stars, since the equivalent width of He ii λ4200 decreases for later-type O stars and is ∼ 0 for B0 stars (Walborn & Fitzpatrick 1990 ). In addition, the diagnostics for later O stars act as secondary indicators for early O and Oe stars because the He i λ4144 and He i λ4387 absorption lines do not appear in stars with spectral types earlier than O6-6.5 (e.g., Walborn & Fitzpatrick 1990) . Si iv λλ4089, 4116, Si iii λ4552, and C iii λ4650 are also standard diagnostics for late O and early-type B stars; however, these lines are often absent due to the low SMC metallicity. We use them when available, but our classifications necessarily rely on He i and He ii lines.
The lack of metal lines also causes problems in determining luminosity classes. The principal diagnostics are N iii λλ4634-4640-4642, He ii λ4686, and the Si iv λ4089/ He i λ4026 ratio (Walborn & Fitzpatrick 1990) . Thus, we also use extinction-corrected V magnitudes from Massey (2002) as an additional criterion, as well as line widths, especially for supergiants.
We also include spectral type modifiers to further characterize our Oe stars. Following the Be star classification system from Lesh (1968) , we specify Oe stars whose spectra contain Fe ii emission as Oe + stars and we use the full Lesh (1968) classification system, e 1 to e 4 , based on Balmer emission line strength. Following Sota et al. (2011) , we classify stars whose spectra show He i infill or emission above the continuum as Ope stars, although we follow Negueruela et al. (2004) in using non-infilled He i diagnostics to determine the spectral types of Ope stars. For stars where the equivalent width of He ii λ4686 is clearly greater than the equivalent width of He i λ4471 and He ii λ4542, we add the z qualifier (Walborn & Blades 1997) . Following the usual convention, ":" connotes substantial uncertainty in the classification.
The primary challenge when classifying our Oe stars comes from infill in the He i λ4471 absorption line by disk emission (Steele et al. 1999) . Negueruela et al. (2004) find that infill of He i implies that many Oe stars are cooler than their prior classifications suggest. Thus, they reclassified the majority of their Galactic Oe stars as O9.5e or later. Figure 1 highlights this effect by comparing the spectral types presented in Negueruela et al. (2004) , determined without using He i λ4471, to prior classifications from literature of the same stars based on the He ii λ4542/ He i λ4471 ratio. Given the importance of infill, we follow Negueruela et al. (2004) and classify our Ope stars without using criteria based on He i λ4471. Since we cannot rely on metal-line diagnostics, we rely on the He ii λ4200/ He i λ4144 and He ii λ4542/ He i λ4387 ratios to determine their spectral types. In such cases, we add a ":" to our classification to connote that different classification criteria lead to different spectral types.
At least three of the authors (JBGM, MSO, & JBL) independently classified each RIOTS4 O and Oe star. We compared our results, along with prior ones from literature, to converge on our final classifications for each star, which are accurate to within half a spectral type. About 75% of our classifications agree with values from the literature when available. Table 1 presents the ID's from Massey (2002) in column 1, and our spectral types in column 2. Columns 3 and 4 provide existing spectral types from the literature and their sources, respectively. The V -band magnitude (Massey 2002 ) is given in column 5, extinction A V (Zaritsky et al. 2002) in column 6, J-band magnitude (Skrutskie et al. 2006) in column 7, and 3.6µm magnitude (Gordon et al. 2011) in column 8. Our spectral types for all normal O stars are presented by Lamb et al. (2015) . In total, we identify 28-30 Oe stars in RI-OTS4; the spectra are presented in the Appendix. Only those with Massey (2002) ID numbers 51373 (Massey et al. 1995) , 72535 (Azzopardi et al. 1975) , and 75689 (Evans et al. 2004 ) have been previously identified as Oe stars.
Star 72535 was classified as O9 Ie by Azzopardi et al. (1975) , and we obtain a spectral type of O8-9 I-IIIe. This star has a high luminosity and is brighter in the V and J-bands than any other RIOTS4 Oe star (Table 1) . As noted, supergiants are not considered classical Oe/Be stars. Star 72535 also shows a high degree of variability for an Oe/Be star (e.g., de Wit et al. 2006; Rivinius et al. 2013) , at least 0.4 magnitudes in the 3.6, 4.5, and 5.4 µm bands over only a three month period in 2008, and 0.8 mag in the period from 2005 to 2008 (Gordon et al. 2011 ). The 2MASS J-band mag was observed in 1998 (Skrutskie et al. 2006) and not concurrently with the SAGE data, so colors cannot be inferred from these data. Thus, this star does not appear to be a classical Oe star, and we do not include it in our Oe sample in what follows.
RESULTS

The Earliest Oe and Ope Stars
As described in § 1, the decretion disk model predicts that in the low-metallicity SMC, earlier-type Oe stars can form than in the Galaxy, and RIOTS4 reveals some of the earliest known Oe stars to date. Our four earliest have the classifications O6 V((f))e 2 , O6 III((f))e 1 , O6.5 III((f))e 2 , and O7 III(f)e 1 (Figure 2 ) and Massey (2002) ID numbers 14324, 15271, 69460, and 52363, respectively. These are the earliest unambiguous Oe star classifications reported in the SMC to date. Of these, star 14324 appears to be a shell star, based on its Balmer absorption core. As described in § 3, Oe stars are susceptible to He i infill, especially He i λ4471 (Steele et al. 1999) . Thus, many mid and early-type Oe stars that exhibit infill are cooler than suggested by the spectral types obtained using the He ii λ4542/ He i λ4471 ratio (Figure 1 ). In the classification scheme of Sota et al. (2011) , such stars should be classified as Ope, but this has not been standardized, and infill can be overlooked. Of particular interest, the MW Oe star HD 39680 has been classified as both O6 V:[n]pe (Sota et al. 2011 ) and O8.5 Ve (Negueruela et al. 2004) ; the former corresponds to its spectral type based on the primary diagnostic affected by infill, while the latter is based on secondary diagnostics unaffected by He i infill. The earliest known Oe star in the Galaxy with no evidence of infill appears to be HD 155806, an O7.5 IIIe star (Negueruela et al. 2004) . To date, the earliest reported Oe star is Sk -67 274 (Conti et al. 1986 ) in the LMC, classified as an O3e star. No published spectrum of this star is available, so we are unable to evaluate whether this is an Ope star. We stress that our four O6e -O7e stars are certainly among the earliest known Oe stars that do not show evidence of He i infill.
In Figure 3 , we present two Ope stars whose effective temperatures T eff may be hotter than that of an O7.5e star. Our spectral types are necessarily uncertain due to He i λ4471 infill, and we base our classifications on the He ii λ4200/ He i λ4144 and He ii λ4542/ He i λ4387 ratios. The first star, 38036, contains He i λ4471 and λ4713 infill, so we use the He ii λ4200/ He i λ4144 and He ii λ4542/ He i λ4387 ratios to classify this star. The absence of He i λ4144 and presence of He i λ4387 imply a spectral type of O6.5-7: Vpe 3 . The low signal-to-noise of the second star, 53360, may allow for infilled He i λ4471 and λ4387. Thus, we use the He ii λ4200/ He i λ4144 ratio to estimate that star 53360 is an O7-9 Vp:e 2 star. Figure 4 shows three additional early to mid-type Ope stars, which have stronger He i emission than other Ope stars. In particular, all have He i λ4713 and λ4471 in emission. Furthermore, these stars show evidence of infill in the majority of He i lines. Star 59319 shows essentially no He i absorption, and based on the equivalent widths of He ii λ4200 and λ4542, this is an early Ope 3 star, likely earlier than O7.5e. Star 27884 could be as late as O8.5: Vpe 4+ , based on the He i+ii λ4026/ He i λ4009 ratio; the absence of C iii λ4650 sets our earliest estimate for the spectral type, O7: Vpe 4+ . In addition, we observe Fe ii λλ 4233, 4583 clearly in emission. The spectrum of 27884 represents the composite of ten observations obtained over four years for binary monitoring, and radial velocity variations suggest that this star may indeed be a binary (see Lamb et al. 2015) .
Star 77616: He ii λ4686 Disk Emission
The third star in Figure 4 , 77616 (Azzopardi & Vigneau 1982, AzV 493; ) , may be the most extreme early Oe/Ope star. The spectrum shows strong He i λ4387, λ4471, and λ4713 emission, and is remarkable because it is the only Oe star with He ii λ4686 emission from the Be phenomenon. He ii λ4686 emission is associated with stellar winds in Of stars, but the double-peaked line profile here is clearly associated with the circumstellar disk. Furthermore, we do not observe the characteristic N iii λλ4634-40-42 emission of Of stars. Double-peaked He ii emission is also associated with Onfp stars, which, as described in § 1, have been proposed as high-mass analogs of the Be phenomenon (Conti & Leep 1974) . However, Onfp spectra show Balmer emission only in Hα, whereas the spectrum of star 77616 has strong He i infill/emission. Since star 77616 apparently represents the extreme Oe/Be phenomenon at the earliest types, and shows spectral properties that differ strongly from Onfp stars, this further confirms that Oe stars, and not Onfp stars, are the high-mass analogs of the Be phenomenon. He ii λ4686 emission is also observed in the spectrum of MWC 656, the Be-black hole X-ray binary (Casares et al. 2014) . In MWC 656, He ii emission is associated with the accretion disk surrounding the black hole. No X-ray source is identified at the location of star 77616 in the XMM survey of the SMC (Haberl et al. 2012 ), so it is unlikely that a similar origin can explain the He ii emission in 77616. Additionally, there is no discrepancy between the radial velocity of the He ii λ 4686 emission and the other emission lines.
The He i and He ii infill/emission in Ope stars result from T eff high enough to singly or doubly photoionize He in the disks. In the case of star 77616, He ii emission suggests an extremely high T eff . Estimates for ionizing sources of nebular He ii λ4686 emission require T eff ≥ 60, 000 K (e.g., Garnett et al. 1991) , which is extremely rare for main sequence stars. However, models by Brott et al. (2011) suggest that some rapidly-rotating, chemically-homogeneous stars reach this temperature. Oe stars are hot, rapidly rotating massive stars, so they offer an important test of the Brott et al. (2011) models. These models predict that at the SMC metallicity, stars with masses ≥ 30 M and initial rotation veloci- Massey (2002) b The subscripts in our spectral classifications are the Lesh (1968) ties > 400 km/s reach T eff ∼ 60, 000 K at some point in their evolution. The existence of star 77616 is therefore an exciting discovery supporting these predictions. Extremely hot O stars in low-metallicity environments have been proposed as ionizing sources for the He ii emission in H ii regions that is occasionally observed, especially in extreme starburst galaxies (Kudritzki 2002) . Thus, the earliest Oe/Ope stars, like star 77616, may be responsible for this emission.
Ope Stars: Normal Early-Type Oe Stars
As previously discussed, the He i and He ii emission that characterize Ope spectra require high temperatures; however, Table 2 shows that strong disk emission is also necessary. The distribution of Lesh (1968) classifications and spectral types in Table 2 shows that nine of ten Ope stars, including star 75689, are Oe 3 or Oe 4 stars, which have the strongest Balmer emission, and thus the strongest disk emission. The only Ope 1 -Ope 2 star has uncertain Ope status: star 53360 has ambiguous He i infill and may not be an Ope star (Figure 3 ). In total, fifteen RIOTS4 Oe stars, including the nine Ope stars, are Oe 3 or Oe 4 stars, and the six remaining Oe stars have spectral types of O7.5e or later. Furthermore, our earliest ordinary Oe stars have Lesh (1968) classifications of Oe 1 or Oe 2 , which supports the scenario that the photosphere is visible in early-type Oe stars only if the disk emission is weak. This may be due to high angle of inclination, or physically smaller disks. We do note a tendency for Oe 1 and Oe 2 stars to show double peaked Balmer emission (Figure 8 ), indicative of high inclinations. Table 2 illustrates that among RIOTS4 Oe 3 and Oe 4 stars, only Ope stars are observed at early spectral types. Therefore, depending on disk emission, it appears that classical Oe stars transition to Ope stars at early spectral types, in particular around type O7e and earlier.
Fe ii Emission in Oe Stars
In addition to He i emission, many Oe stars display Fe ii emission lines in their spectra. The most common emission lines are Fe ii λλ4233, 4583, and 4629. Similar to the trends with He i emission shown in Table 2 , Table 3 shows that Fe ii emission also correlates with Lesh (1968) classification and spectral type. All but one Fe ii emitting Oe star is a Lesh (1968) (2002) ID number and spectral type are listed above each spectrum. The spectral sequence shows that the He ii λ4542/ He i λ4471 ratio decreases from earlier to later-type O stars, approaching ∼ 1 at O7 (Walborn & Fitzpatrick 1990) . The absorption lines used in our classification are also labeled. among all Oe stars later than O7.5e. Using the preliminary classifications of RIOTS4 Be stars (Lamb et al. 2015) , we also find the same Fe ii emission lines and the same frequency of Fe ii emission. Based on the trends in Tables 2 and 3 , the decrease in the T eff of O stars promotes Fe ii emission for stars strong emission.
Spectral Type Distribution of Oe Stars
We present the spectral type distribution of RIOTS4 Oe stars in Figure 5 . Since ∼20% of our Oe stars have uncertain classifications, we present two distributions, based on the earliest (30 stars; blue) and latest (28 stars; orange) possible spectral type estimates for the uncertain classifications. The number of stars in these distributions differ because the latest possible spectral type for some stars fall into the Be range, which is not included in Fig- ure 5. Additionally, Figure 5 does not include the two Ope stars and two Oe stars that we are unable to classify. Figure 5 shows that 53-54% of RIOTS4 Oe stars have spectral types of O9-9.5e. Additionally, stars earlier than O7.5e, including the early Ope stars, account for 21-27% of our sample, unlike in the MW where, to date, no Oe stars in this range have been observed (e.g., Negueruela et al. 2004; Sota et al. 2011 Sota et al. , 2014a . For the same spectral type distribution as the SMC, we would expect that 2 ± 1 of the eight MW Oe stars should have spectral types earlier than O7.5e. Thus, our results demonstrate that, compared to the MW, the distribution of Oe stars in the SMC field is significantly enhanced towards earliertype stars. We caution that McBride et al. (2008) find that the spectral type distributions of Be/X-ray binaries in the SMC and MW are similar, whereas Negueruela (1998) finds quite different distributions between Be stars and Be/X-ray binaries in the MW.
We calculate the Oe/O ratio using the 28-30 Oe stars we identify and the 106-109 RIOTS4 O stars (Lamb et al. 2015) , which include Oe stars and exclude supergiants. As noted, ambiguity in the spectral types of stars whose classifications allow them to fall into the early Bstar range causes the uncertainty. Table 4 shows the Oe/O ratios and binomial errors at each spectral type. Columns 2 and 3 show the values based on the earliest and latest possible spectral types for stars with uncertain classifications. We find that the frequency of Oe stars is approximately constant between ∼0.15 -0.30 with a possible increase at the earliest spectral types, although we caution that stochastic effects are worst for the earliest bin.
Metallicity and the Frequency of Oe stars
We measure an Oe/O ratio of 0.26 ± 0.04 (0.27 ± 0.04) when considering the latest (earliest) possible spectral types for RIOTS4. We adopt the value from the latest spectral types, in what follows. We compare our Oe star frequency to an estimate by Bonanos et al. (2010) based on photometric identifications of a sample of 208 previously classified O stars, in which Oe star candidates are identified using IR photometry from the the IR Survey Facility (IRSF) Magellanic Clouds Point Source Catalog (Kato et al. 2007 ) and Spitzer SAGE-SMC survey (Gor- To account for uncertainty in the spectral types of ∼20% of our stars, the two distributions represent those obtained using our earliest estimate (blue) and latest (orange) for stars with uncertain spectral types. Stars without spectral types are not included in this figure. don et al. 2011). Although the stars have existing spectral types, Bonanos et al. (2010) use NIR photometry to more consistently identify Oe star candidates in their heterogeneous sample. They obtain an Oe/O ratio of 0.10 ± 0.02 using the selection criteria J IRSF − [3.6] > 0.5 
SpT
Oe/O Oe/O Earliest Latest O6-6.5 0.57 ± 0.19 (4) 0.50 ± 0.20 (3) O7-7.5 0.21 ± 0.11 (3) 0.17 ± 0.11 (2) O8-8.5
0.11 ± 0.06 (3) 0.14 ± 0.07 (4) O9-9.5 0.30 ± 0.06 (16) 0.29 ± 0.06 (15) a The number of Oe stars in each spectral type range is listed in parentheses. The stars we are unable to classify are not included. and J IRSF < 15.
We find that 12 of the 16 Oe star candidates Bonanos et al. (2010) identified were spectroscopically observed in Hα and show emission (Evans et al. 2004; Meyssonnier & Azzopardi 1993) , although one is a supergiant, which cannot be a classical Oe/Be star. We confirm that two Hα-emitters are RIOTS4 Oe stars and one we classify as a Be star. Of the four remaining candidates, one is a RI-OTS4 Oe star, two show no Balmer emission in existing spectra from the literature, and one shows only nebular emission (Evans et al. 2004 ). Thus, 75% of the Bonanos et al. (2010) candidates are likely Oe stars, a reasonably good return.
However, the Bonanos et al. (2010) color criterion, based on the J − [3.6] colors of four previously identi- Lesh (1968) classifications. The vertical dashed line shows our revised Oe star candidate photometric criterion, J − [3.6] ≥ 0.1. We caution that the J and [3.6] data were observed many years apart, so the colors have significant uncertainty due to possible variability (see text).
fied SMC Oe stars, causes the discrepancy between their Oe/O ratio and ours. Figure 6 shows the J vs J − [3.6] color-magnitude diagram for RIOTS4 O and Oe stars, using J-band magnitudes from the Two-Micron All Sky Survey (2MASS; Skrutskie et al. 2006) , and 3.6µm-band magnitudes from the Spitzer SAGE-SMC survey (Gordon et al. 2011) ( Table 1) . One Oe and ten O stars are omitted from Figure 6 because the IR magnitudes are unavailable. Figure 6 shows that the Bonanos et al. (2010) criteria exclude 13 of our 28 ±1 spectroscopically identified Oe stars with IR data. We therefore propose a revised criterion, J − [3.6] ≥ 0.1, to select Oe candidates, which accounts for all but two RIOTS4 Oe 1 stars, both of which have infilled Balmer lines, corresponding to the weakest presentation of the Oe/Be phenomenon (Lesh 1968) .
Applying our J − [3.6] criterion to the Bonanos et al. (2010) sample increases the number of their Oe star candidates from 16 to 34, and raises their Oe star frequency to 0.22 ± 0.03. Similarly, applying our color criterion to RIOTS4, we identify 7 new RIOTS4 Oe star candidates. These may or may not be Oe stars; their RIOTS4 spectra show no Hβ, Hγ or Hδ emission, but they may have Hα emission, which is beyond our observed spectral range. Additionally, the strength of the Be phenomenon may have varied between when the Spitzer SAGE-SMC and RIOTS4 observations were taken. In any case, including all 7 candidates raises our Oe/O ratio to 0.35 ± 0.05 from our spectroscopic value, 0.26 ± 0.04. We note that our formal uncertainties still show agreement between our photometric selection and spectroscopic identifications. There are a few stars in Figure 6 whose classifications are inconsistent with the colors according to our criterion, and these may have incorrect J − [3.6] colors if the magnitudes varied between the two photometric observations. The 2MASS J-band observations were obtained between (Skrutskie et al. 2006 , while the the SAGE 3.6µm data were observed in 2005 and 2008 (Gordon et al. 2011) . We note that our classical Oe stars do not show significant variability in their 3.6µm magnitudes. The modest discrepancy between our photometrically determined frequency and the revised Bonanos et al. (2010) value may be caused by such color errors and differences in sample selection. RIOTS4 is a complete sample of SMC field O stars, while the Bonanos et al. (2010) sample is heterogeneous, selecting all O stars with existing spectral classifications. Figure 6 shows that O stars have J − [3.6] ∼ −0.2, as expected from the Rayleigh-Jeans portion of an O star blackbody curve, whereas Oe stars are clustered near J − [3.6] ∼ 0.8. Additionally, the J − [3.6] colors of our Oe stars match those of spectroscopically confirmed SMC Be stars from Figure 10 of Bonanos et al. (2010) . The only difference between Oe and Be stars in these bands is that Be stars have J magnitudes between 14 and 18, while Oe stars have J ∼ 13 to 15, highlighting that Oe stars are the more luminous extension of the Be phenomenon. In Figure 6 , it is especially interesting that stars concentrated in the clump at J − [3.6] ∼ 0.8 have the highest-value Lesh (1968) classifications, Oe 3 and Oe 4 , corresponding to the strongest Be phenomena. Thus, these stars must have the largest disks. The range in J − [3.6] values presumably results from disks of different sizes, which may correspond to different growth stages. Disk viewing angle also plays an important role. Figure 6 also shows that Oe stars are on average approximately 1 magnitude brighter than O stars in the Jband, where the flux from the circumstellar disk strongly dominates over that from the stellar photosphere. The excess flux has been observed to reach up to half a magnitude in the visible bands and dominates in the IR (e.g., Rivinius et al. 2013 ). We created a simple model of the combined blackbody emission of an SMC O9.5 star with T eff ∼ 31,000 K and log g ∼ 4.2 (Georgy et al. 2013 ) and a disk with emission approximated using the thin disk model of Adams et al. (1987) . Using this model, we reproduce a 1 mag J-band excess and a 0.2 magnitude V -band excess when adopting inner and outer radii of 7R * and 10R * , respectively, where R * is the stellar radius. This is not meant to be a realistic representation of a Be-star disk, but serves to illustrate that the observed thermal emission properties are consistent with reasonable parameters. Additionally, the somewhat evolved nature of Oe/Be stars may enhance their total luminosities.
Using the Bonanos et al. (2010) sample of OB stars, Kourniotis et al. (2014) also attempt to identify Oe candidates, using photometric light curves from OGLE III (Udalski et al. 2008 ), a V I photometric survey of the SMC. Their criteria are based on irregular variability and a color criterion, yielding an Oe/O ratio of 0.13 ± 0.02. Since they use the same sample as Bonanos et al. (2010) , the color criterion suggests that a similar revision may rescale the Kourniotis et al. (2014) frequency to a value more consistent with our own.
In the Galaxy, only eight Oe stars are found in the GOSSS survey (Sota et al. 2011 (Sota et al. , 2014a , yielding a frequency of spectroscopically identified Oe stars of 0.03 ± 0.01, far less than our spectroscopic SMC field measurement, 0.26 ± 0.04. We caution that the MW estimate may be missing some Oe stars, as mentioned in § 1, and that comparison of the GOSSS and RIOTS4 statistics is problematic due to the different sample selection; GOSSS is a Galactic, magnitude-limited survey, while RIOTS4 is a spatially complete sample of SMC field OB stars. Given the lack of Oe star samples, the GOSSS estimate is one of the few we can compare to our measurements. Keeping in mind the possible biases, the relative incidence of Oe stars in these two environments strongly supports the decretion disk model. Our results are also similar to the trend reported by Martayan et al. (2010) , that the Be phenomenon is enhanced by a factor of 3-5 among earlier-type OB stars in the SMC, compared to the MW.
As mentioned in § 4.1, the LMC O3e star, Sk -67 274 (Conti et al. 1986) , may be the earliest-type Oe star currently known. While we did not identify an O3e star in the SMC, this galaxy has fewer stars than the LMC, so the probability of hosting an O3e star is lower. We evaluate the likelihood of observing an O3e star in the LMC by comparing the frequency of Oe and Be stars in the MW, LMC, and SMC. The Be/B ratios are 0.17±0.03 (Zorec & Briot 1997 , see § 1), 0.175 ± 0.025 (Martayan et al. 2006b ), and 0.26 ± 0.04 (Martayan et al. 2007a) in the fields of these galaxies, respectively. Similarly, we find that the Oe/O ratios are 0.03 ± 0.01 in the MW and 0.26 ± 0.04 in the SMC field. We use the ratios between the Be and Oe star frequencies and the trend with metallicity to estimate a lower limit on the frequency of Oe stars in the LMC of ∼ 0.06. There are approximately two dozen O3 stars in the LMC, excluding the 30 Dor region (Skiff 2014; Walborn et al. 2014 ). If we assume the frequency of Oe stars is constant across all spectral types, then we expect to find one O3e star in the LMC. Thus, the observed O3e star in the LMC is consistent with the metallicity trend, without considering the status of Ope stars.
Field vs. Cluster Environment and the Frequency
of Oe Stars Although we find that our SMC field Oe/O ratio is much greater than the estimate for the MW, we again caution that our sample contains only field stars, which may bias a comparison to the GOSSS sample. As described in § 1, on average, Galactic cluster OB stars rotate faster than their counterparts in the field (Guthrie 1984; Wolff et al. 2007 Wolff et al. , 2008 , which should cause the frequency of Oe/Be stars to be higher in clusters. Turning to the SMC, Martayan et al. (2010) measure the frequency of Oe stars in SMC clusters to be 0.24 ± 0.09 8 among O8-9 stars, binned in integer spectral types, which agrees well with our Oe/O ratio of 0.24 ± 0.05 for the same spectral range. We caution that the spectral types from Martayan et al. (2010) are rough estimates based on BV I colors and the absolute V magnitude. However, the similarity between these frequencies is consistent with measurements for the Be/B ratio in the SMC field and clusters from Martayan et al. (2007a) : for SMC clusters and the field surrounding NGC 330, the Be/B ratios are estimated to be 0.20-0.40 and 0.26 ± 0.04 respectively. When examining the average rotational velocities for field and cluster B stars, Martayan et al. (2007b) find no significant difference, obtaining 159 ± 20 km/s and 163 ± 18 km/s, respectively. Thus, unlike in the Galaxy, in the SMC, B stars do not rotate more slowly in the field than in clusters, which is consistent with the similarity in the frequency of Oe/Be stars in these environments.
DISCUSSION
The VDD model requires rapid rotation, which stellar winds, and hence high metallicity, inhibit. Trends with rotational velocity should correlate with Oe/Be star frequencies and our sample of field SMC Oe stars strongly supports the qualitative predictions of this model. In the metal-poor SMC, the Oe/Be phenomenon should extend to earlier spectral types, and our data confirm this trend, although we caution that the Galactic distribution of Oe star spectral types is dominated by small number statistics. We find four Oe stars with spectral types earlier than the earliest MW Oe star, and five additional Ope stars which may have temperatures representative of similar, and even earlier, spectral types. We also measure an Oe/O ratio of 0.26 ± 0.04, which is much greater than the MW value, 0.03 ± 0.01, and is consistent with the expected anticorrelation with metallicity. Additionally, the pattern in rotation rates between field and cluster environments in the SMC is consistent with the pattern in Oe star frequencies. Thus, our data show three trends consistent with expectations from the decretion disk model, and confirm that Oe stars are the high-mass extension of the Be phenomenon. By the same token, our Oe star frequency offers further evidence against the previously proposed wind-compressed disk and magnetic-compressed disk models for the Be phenomenon, because both models rely on strong stellar winds to form a circumstellar disk (e.g. Bjorkman & Cassinelli 1993; Cassinelli et al. 2002) , and therefore predict a correlation with metallicity; this contradicts our observed anti-correlation.
CONCLUSIONS
We present a complete sample of Oe stars identified from RIOTS4, a spatially complete, spectroscopic survey of SMC field OB stars (Lamb et al. 2015) . We find 29 ± 1 Oe stars, of which only two have previously been identified. Ten are Ope stars, which exhibit He i infill and/or emission. This complete sample of Oe stars offers an unprecedented opportunity to examine the classical Oe/Be phenomenon in a low-metallicity, field environment. In particular, our conventional understanding of Oe/Be stars is that they host rotationally induced decretion disks, whose formation is suppressed at higher metallicity due to strong stellar winds that strip angular momentum from the stars.
Thus, weaker stellar winds in the low-metallicity SMC should produce earlier-type Oe stars than in the Galaxy, and this is consistent with our observations. Our spectral type distribution ( Figure 5) shows that 21-27% of our Oe stars are earlier than O7.5e, the earliest MW Oe star spectral type (Negueruela et al. 2004 ). We find four Oe stars (Figure 2 ) that have spectral types in this range: stars 14324 (O6 V((f))e 2 ), 15271 (O6 III((f))e 1 ), 69460 (O6.5 III((f))e 2 ), and 52363 (O7 III(f)e 1 ). The O6e stars are the earliest classified Oe stars in the SMC, and possibly the earliest unambiguous, non-Ope classifications of classical Oe stars known to date. Furthermore, we identify five Ope stars (Figures 3 and 4) with T eff corresponding to similarly early spectral types. The hottest Ope star, 77616 (Figure 4) , shows He ii λ4686 emission, demonstrating that in low-metallicity environments, even the very hottest O stars can presumably form decretion disks.
In addition, the weak stellar winds in the metal-poor SMC should produce a higher frequency of Oe stars than in the higher-metallicity MW. Consistent with this prediction, we measure an Oe/O ratio of 0.26±0.04, an order of magnitude greater than our MW estimate, 0.03±0.01. Furthermore, this trend is also seen in Be stars, which are 3-5 times more frequent among early-type stars in the SMC than in the MW (Martayan et al. 2010) .
The correlation between rotation velocities and Oe star frequencies also supports the decretion disk model. In the Galaxy, field OB stars rotate more slowly than their cluster counterparts, so we expect the Oe/O ratio to be higher in clusters than in the field. However, in the SMC, no significant difference is observed between field and cluster B star rotation velocities (Martayan et al. 2007b) . The Oe/O ratio (0.25 ± 0.05), as measured for O8-9 stars among our SMC field sample, and the corresponding cluster estimate from Martayan et al. (2010) (0.24 ± 0.09) are in agreement. Thus, our data for SMC Oe stars are consistent with predictions for how metallicity, stellar winds, and environment affect decretion disk formation, and confirm that Oe stars are the high-mass extension of the Be phenomenon.
Another fundamental result to emerge from our study is that for mid and early O spectral types, the Oe/Be phenomenon manifests as Ope spectra, exhibiting He i infill/emission. This is seen from Table 2 , which illustrates that Ope stars are more common among earliertype stars. Additionally, our data suggest that Ope stars are associated with Lesh (1968) Oe 3 and Oe 4 classifications and dominate for spectral types earlier than ∼O7.5e. Furthermore, our earliest ordinary Oe stars are Oe 1 or Oe 2 stars. This indicates that photospheric He i and He ii absorption lines are visible when disk emission is weak, corresponding to Lesh (1968) classifications of Oe 1 and Oe 2 . The He i disk emission is thus simply coincident with H Balmer emission in the early types. At the earliest extreme, we even find He ii disk emission. Additionally, Fe ii emission is more common among Oe 3 and Oe 4 classifications; approximately 50% of late-Oe and early-Be type stars have Fe ii emission.
We also revise a NIR color selection criterion for Oe stars (Bonanos et al. 2010 ) to J − [3.6] ≥ 0.1, which more accurately recovers our spectroscopically identified Oe stars, especially those with weaker Balmer emission ( Figure 6 ). In addition, we find that Oe stars are systematically brighter than ordinary O stars by about 1 mag in the J-band, likely due to either disk emission and/or Oe stars being somewhat evolved.
Finally, our discovery of the extreme Ope star, 77616, which shows the Oe/Be phenomenon in both He i and He ii emission, offers observational support for theoretical predictions that the hottest, rapidly rotating, lowmetallicity O stars can reach He ii-producing T eff . The He ii Ope emission of star 77616 is consistent with models by Brott et al. (2011) for stars 30 M with rotation velocities > 400 km/s at SMC metallicity, yielding rotationally mixed stars with T eff ∼ 60, 000 K. Since Oe stars are the most rapidly rotating O stars, we suggest that extreme Oe/Ope stars may be responsible for He ii emission occasionally seen in H ii regions and extreme starburst galaxies. Thus, our results show that even the hottest O stars can present the Oe/Be phenomenon and produce decretion disks. (2002) ID numbers and our spectral types appear above each spectrum. Absorption features used in classifying these spectra and He i emission lines are labeled.
